Chlamydiosis was diagnosed in six African clawed frogs (Xenopus faevis) from a tank of laboratory-bred frogs experiencing sudden deaths. Gross findings were hepatomegaly, distention of the gall bladder, and splenomegaly.
The chlamydiae are a large group of antigenically related microorganisms with similar cultural, morphological, and staining characteristics. 16 The chlamydiae currently are placed in their own order, Chlamydiales, because of their unique reproductive cycle. This order contains one family, Chlamydiaceae, and one genus, Chlamydia. Two well-defined species, C. psittaci and C. trachomatis, are recognized and differentiated on the basis of glycogen accumulation within the inclusions and sulfonamide susceptibility. l4 Chlamydiosis has been described in many avian and mammalian l6 and recently has been described in African clawed frogs." This report describes the pathologic findings associated with an outbreak of chlamydiosis in the common laboratory amphibian Xenopus laevis, the African clawed frog.
Materials and Methods
Six adult African clawed frogs (Xenopus faevis) from the Animal Resource Service at the University of California-Davis were fixed in 10% buffered formalin and submitted to the Pathology Service of the University of California Veterinary Medical Teaching Hospital for pathological examination. These were third generation, laboratory-bred frogs originating from a single ta*. The frogs had died suddenly without exhibiting any specific clinical signs. Fresh tissues or moribund animals were not available for further study.
The formalin-fixed frogs were examined grossly and r e p resentative samples of liver, lung, heart, kidney, brain, spleen, stomach, testes, ovary, and intestine from each frog were embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin. Gram's, Giemsa, Macchiavello's, Perk', and Hall's bile stains also were applied to selected sections.
Pieces of formalin-fixed liver were post-fixed in 4% glutaraldehyde, minced, and processed routinely for electron microscopy. Thin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope.
Results
Hepatomegaly, distention of the gall bladder, and splenomegaly were the only changes noted on gross examination.
Light microscopy revealed that the most severe lesions occurred in the liver. In all instances a moderate to severe inflammatory cell infiltrate, composed of large mononuclear cells, macrophages, and lymphocytes, was observed in portal triads and surrounding sublobular veins. These mononuclear inflammatory cells usually extended into the parenchyma a short distance and infiltrated the sinusoids. Similar inflammatory cells infiltrated Glisson's capsule and occasionally formed focal accumulations in the parenchyma.
The hepatic architecture of five of the livers was disrupted by diffuse hepatic necrosis and loss of hepatocytes ( fig. 1 ). Few to numerous necrotic hepatocytes were scattered throughout the livers. The cytoplasm of the necrotic hepatocytes stained intensely eosinophilic and appeared coagulated. Many of these cells were rounded, shrunken and detached from adjacent hepatocytes and resembled acidophilic bodies! Kupffer's cell hyperplasia was noted throughout these livers and sheets of proliferated Kupffer's cells replaced areas of hepatocellular loss ( fig. 1 ). The surviving hepatocytes usually were atrophic and in three livers they were vacuolated. Many sinusoids contained fibrin thrombi. Cholestasis and hemosiderin-laden Kupffer's cells were observed in several livers and a large area of infarction was present in one liver. Bile duct proliferation and multinucleated hepatocytes were seen in one liver in which there was extensive loss of hepatocytes.
Dense, basophilic, granular intracytoplasmic inclusions were seen in both viable and necrotic hepatocytes of all six livers (figs. 1, 2). In some livers only a few cells contained these inclusions while in others they were seen in virtually every hepatocyte. These inclusions were either compact ovoid structures or diffusely distributed throughout the cytoplasm. They were composed of numerous, small, spheroidal bodies which stained red with Macchiavello's technique, purple-blue with Giemsa technique, and Gram-negative. Clusters of similar bodies were seen free in the sinusoids of some livers.
Splenic congestion was notable in all frogs. Four spleens had various degrees of reticuloendothelial cell proliferation in the red pulp and lymphoid depletion. Diffuse necrosis of reticuloendothelial cells and lymphocytes in the red pulp and mild necrosis of the lymphoid follicles was present in only one spleen. A few spleens had scattered macrophages filled with hemosiderin. In two spleens, intracytoplasmic inclusions, similar to those seen in hepatocytes, were found in a small number of reticuloendothelial cells.
Renal lesions were a common finding. Many of the proximal renal tubules were dilated and often contained small amounts of proteinaceous material while the lining cells were either swollen, with granular or vacuolated cytoplasm, or irregularly flattened. The distal tubules frequently were dilated and lined by flattened epithelium. The interstitium usually was expanded by diffuse congestion, edema, and a mild to moderate infiltration of macrophages and lymphocytes. Yellowbrown bile pigment formed amorphous or granular casts within the lumens of distal tubules in most kidneys.
Hearts of five frogs had mild to severe myocarditis and epicarditis ( fig. 3) . Myocardial lesions ranged from small, scattered areas of myocardial fiber vacuolar degeneration, infiltrated by a few macrophages and lymphocytes, to confluent infiltrations of macrophages and lymphocytes that replaced myocardial fibers. A mild but widespread mononuclear cell infiltration of the epicardium was common; the inflammatory cells formed discrete foci in the more severe cases. The lungs were unremarkable except for congestion and there were no lesions in the gastrointestinal tracts, reproductive organs, or brains.
Intracytoplasmic microcolonies of organisms were observed in hepatocytes by electron microscopy. Microcolonies were composed of three distinct types of particles: small, 275-325 nm, round particles with an eccentrically placed electron-dense nucleoid and a very dense tag of cytoplasm containing ribosome-like structures; round to oval intermediate particles, 350-550 nm in diameter, with a centrally located condensation of dense material surrounded by a pale zone and a peripheral dense zone containing ribosomes; and large, 475-800 nm, round to oval particles with an internal structure consisting of primarily small granules characteristic of ribosomes ( figs. 4, 5) . Both the large and intermediate particles occasionally exhibited various stages of binary fission ( fig. 4) . Two distinct membranes surrounded some particles of all three types.
Ultrastructurally, compact inclusions had groups of organisms developing within a cytoplasmic vacuole lined by a fragmented membrane similar to the plasma membrane ( fig. 4 ). In hepatocytes with diffuse inclusions, the organisms were distributed throughout the cytoplasm intermingled with cytoplasmic organelles. Disruption of the host cell plasma membrane with release of cytoplasmic organelles and organisms into the sinusoids often was evident.
Discussion
The organisms described here conform to the criteria for inclusion in the genus Chlamydia. Both morphologic and staining characteristics of the cytoplasmic inclusions were typical of chlamydiae.'
Ultrastructurally these inclusions were composed of three distinct types of particles. The small dense particles and the large granular particles were comparable to the two life stages described for chlamydiae, the infectious elementary bodies and the vegetative initial bodies, respectively. 1 * 7 * 8 The intermediate particles probably represented the transition stage of condensing forms which arise during the reorganization of initial bodies into elementary bodies8 Electron microscopic observations also indicated that development occurred by binary fission within a membrane-bound vacuole similar to other chlamydiae. ' v 7 Unfortunately the causative agent was not isolated so further characterization and experimental reproduction of the disease were not possible.
Organisms of the genus Chlamydia cause a number of distinctly different diseases in animals and birds, eliciting lesions in one or more organ systems. In these frogs, chlamydiosis was a fatal systemic infection with lesions similar to those produced by C. psittaci in other species.
In a recent report," C. psittaci was isolated from a disease outbreak in African clawed frogs. The chlamydial agent was successfully transmitted to uninfected Xenopus laevis causing disease and death. The details of the pathological changes were not given so comparisons to the lesions in the frogs reported herein could not be made.
Hepatic necrosis has been observed in both experimental and spontaneous chlamydiosis in various mammals:
including man,5* and l 2 Chlamydial organisms are not always observed in histological sections of liver, despite the presence of lesions. When present, they have been noted in Kupffer's cell^^.^ or mononuclear cells. 13 In these frogs, intracytoplasmic chlamydial inclusions were seen consistently in histological sections of liver. The organisms infected hepatocytes and it was apparent that replication of the chlamydial agent within hepatocytes was directly responsible for the hepatocellular necrosis.
Splenic reticuloendothelial cell hyperplasia, observed in four frogs, is one of the more frequent microscopic lesions observed in chlamydiosis in mammals and bird^.^.^." Necrosis in the spleen was noted in one frog and also has been reported in other specie^.^.^'^^ Inflammatory lesions in the heart and kidneys of most frogs indicate that the disease represented a systemic infection. The presence of bile pigment in many of the kidneys suggests that hepatic damage may have contributed to the renal lesions.
The recent report of a chlamydial agent in frogs extended the host range of the genus Chlamydia to include amphibian^.'^ The prevalence of infection in frogs is unknown but might be greater than the literature indicates. Although reports of chlamydiosis in frogs are rare, the published literature on amphibian diseases in general is extremely sparse and probably does not reflect the true incidences of most amphibian diseases.
